estimated to be 400 to 600 Tg CH 4 yr Ϫ1 , while the soil sink is estimated to be in the range of 15 to 45 Tg CH 4 The precise effects of natural and disturbed terrestrial systems on 
M ethane (CH 4 ) is a potent greenhouse gas with a sier et al., 1997; Prieme and . relative global warming potential 21 times that Anthropogenic influences are generally considered of carbon dioxide over a time horizon of 100 yr, and it to decrease the CH 4 consumption activity of soils (Ojima has been estimated that CH 4 contributes about 20% to et al., 1993) . Nitrogen fertility has been shown to drathe radiative force driving global climate change (Intermatically decrease CH 4 consumption activity of forested governmental Panel on Climate Change, 1995). Aland grassland systems (Steudler et al., 1989 ; Mosier et though it is well documented that atmospheric CH 4 conal., 1991; Castro et al., 1994b) . Cultivation also appears centrations have been increasing over the last decade, to decrease net CH 4 consumption, as studies have shown and have increased by 7% between 1983 and that net CH 4 consumption in cultivated grasslands is tergovernmental Panel on Climate Change, 1995), there less than in native grasslands (Mosier et al., 1991 (Mosier et al., , 1996 . is considerable uncertainty concerning the magnitudes Kessavalou et al. (1998b) examined CH 4 fluxes in grass of the sources and sinks of atmospheric CH 4 . Estimates sod and winter wheat (Triticum aestivum L.)-fallow of total inputs to the atmospheric CH 4 pool range from management systems over a 2.5-yr period. Measurement 410 to 660 Tg CH 4 yr Ϫ1 (Intergovernmental Panel on of CH 4 flux from sod, no-till wheat, a subtill treatment, Climate Change, 1990) . Major sources of this input inand a plow treatment indicated that only consumption clude natural wetland systems (100 to 200 Tg CH 4 yr Ϫ1 ), was observed. Average annual CH 4 uptake was higher rice paddies (25 to 170 Tg CH 4 yr Ϫ1 ), enteric fermentaunder sod and CH 4 consumption decreased with increastions in animals (65 to 100 Tg CH 4 yr Ϫ1 ), termites (10 ing disturbance. Methane flux determinations in wheat to 100 Tg CH 4 yr Ϫ1 ), and landfills (20 to 70 Tg CH 4 yr Ϫ1 ) and corn (Zea mays L.) cropping systems of eastern (Intergovernmental Panel on Climate Change, 1990) .
Colorado indicated that net CH 4 consumption was Anthropogenic activities such as biomass burning, coal greatest in dryland wheat, and that consumption activity mining, and gas drilling are estimated to contribute from decreases under irrigated wheat and irrigated corn 64 to 180 Tg CH 4 yr Ϫ1 (Intergovernmental Panel on (Bronson and Mosier, 1993) . Climate Change, 1990) . The major sink is thought to Current information is enabling the development of be reaction of CH 4 in the atmosphere with OH and is generalizations concerning the role of land use on the magnitude of CH 4 flux, but clearly more information measurements to land management and climate.
Total N and C were determined by dry combustion on a Carlo-Erba NA 1500 NCS elemental analyzer (Haake Buchler
MATERIALS AND METHODS

Instruments, Paterson, NJ). The general soil properties of each
Sites site are shown in Table 2 and are presented on a dry soil basis. The sites we investigated represent a range of ecosystems
Methane Flux Measurements
found in central Iowa. The agricultural sites included a variety of tillage and fertility regimes, including chisel plow and noMethane fluxes were determined using a closed-chamber till, inorganic N fertilization, and fertilization with liquid swine method. Two types of chambers were used. To accomodate manure (feces ϩ urine) (LSM). The natural systems investiagricultural management practices at some sites (Kluver in gated included a hardwood forest site and native and restored 1993 and Nashua), temporary chambers (15 cm diameter ϫ prairie sites. The two prairie sites were adjacent to two of the 8 cm long) were used. These chambers were inserted to a agricultural fields. For comparative purposes, the CH 4 flux depth of 3.5 cm each time flux measurements were performed. from a municipal landfill was also measured. Site characterisThese chambers were installed 30 min before the measuretics are summarized in 
Soil Properties
into the ground to a depth of 7.5 cm. Permanent chambers were installed at least 24 h before the first sampling of the Soil texture analyses were performed by Midwest Laboraseason and remained in position during the remainder of seatories, Inc. (Omaha, NE). Soil pH was determined on 1:1 (distilled H 2 O to wet soil) extracts with a standard glass elecson. Four to 21 chambers were installed at each site. The (DeLuca and Keeney, 1993) . Eight chambers were installed in the agricultural field and eight Iowa. This was done by grouping our sites into six different strata based on land use similarities and available land use chambers in the prairie at each location. The Kluver location was the subject of a N fertility experiment (DeJong, 1995) .
statistics. The six strata are: (i) Forested Land; (ii) Prairie, Grassland, Pasture, and Range; (iii) Agricultural-corn and At this location chambers were randomly located in each of four replicate plots of each N treatment. Four chambers per soybean rotation, plow till, chemical fertilizer; (iv) Agricultural-corn and soybean rotation, plow till, manure fertility; replicate plot were used in 1993 and two flux chambers per plot were used in 1994. At the McFarland Forest site eight (v) Agricultural-corn and soybean rotation, no-till; and (vi) Landfill. A mean cumulative CH 4 flux for each stratum along chambers were randomly located within a 10-ϫ 10-m area considered by the authors to be representative of the area.
with an associated variance was calculated according to the procedure outlined by Livingston and Hutchinson (1995) . In The Hilltop location was chosen to represent a well-drained, eroded knoll typically observed in prairie-pothole landscapes cases where a stratum is represented by only a single site, the average and variance associated with the seasonal estimate of converted to agriculture. Eight flux chambers were randomly located at this site.
that stratum is taken to be the site mean and variance. Net soil CH 4 flux estimates for the state of Iowa were calculated Flux measurements were made during the 1993 and 1994 growing seasons generally on a bimonthly interval, but in by multiplying the seasonal fluxes for each strata by the area some instances only one measurement per month was possible.
of land represented by each strata in the state and then sumMethane fluxes were determined by closing the chambers at ming the individual strata. time 0. For the permanent chambers this was done by installing a steel cover, equipped with a 20-mm butyl rubber stopper.
Statistics
For the temporary chambers, a 20-mm butyl rubber stopper Statistical differences between successive mean hourly CH 4 septum was inserted into the vent hole of the chamber lid.
fluxes at individual sites were determined by the Student's For both types of chambers, gas samples were taken generally t-test. Differences in cumulative flux rates were assessed by at 0, 10, and 20 min; however, depending upon sampling logiscomparing box plots constructed to show 5th, 25th, 50th, 75th, tics or anticipated CH 4 flux, gas sampling at some sites was performed at 0-, 20-, and 40-min or 0-, 30-, and 60-min intervals. Gas samples were collected by withdrawing 8 mL of air from the chamber headspace with a 20-cc gas-tight syringe at each time point. Samples were transferred to evacuated 7-mL vials fitted with 20-mm butyl rubber stoppers and the vials were transported back to the lab for CH 4 analysis. Methane was measured with a Tracor 540 gas chromatograph (Tracor Instruments Austin, Austin, TX) equipped with a flame ionization detector as described by Chan et al. (1998) . The coefficients of variation associated with our sample collection and CH 4 analysis at CH 4 concentrations at or near ambient levels ranged from 2.5 to 3.5% (Chan et al., 1998) .
Methane Flux Calculations
Hourly CH 4 fluxes were obtained by applying linear regression to the CH 4 concentration versus time data. Fluxes were taken as the slope of the line if the regression was significant at the 10% level. In some cases the data exhibited curvilinear trends with time, but since only three time points were collected we were unable to discern the precise kinetic pattern. For these data the mathematical procedures described by Hutchinson and Mosier (1981) were used. The minimum detectable flux rate was calculated following the procedures described by Chan et al. (1998) , resulting in minimum detectable CH 4 fluxes ranging from 12.2 to 61.0 g CH 4 m Ϫ2 h Ϫ1 , depending on the chamber size and deployment time. Some of the fluxes measured from the individual chambers were smaller than our detection limit. In these situations, we followed the recommendation of Gilbert (1987) and included the measured values of these "nondetects" in computing mean fluxes. Cumulative fluxes were estimated for each chamber by numerical integration of the hourly flux measurements over the period of time when the mean daily temperature exceeded 0ЊC. We have no CH 4 fluxes at low temperatures (Kessavalou et al., 1998b; The horizontal lines indicate the detection sensitivities for CH 4 flux determinations.
et al., 1998; Wickland et al., 1999) . These cumulative flux and 95th quantiles (Hoaglin et al., 1983; Albert and Horwitz, 1988) .
RESULTS
Agricultural Ecosystems
Methane fluxes from the cultivated sites were generally low, although a high degree of spatial variability was observed (Fig. 1) . To illustrate the spread in the data we present fluxes of the individual chambers (small points), as well as the means (large circles) observed at each time. At the Hilltop site, most of the fluxes were below the detection limit of our analysis, although an Rates at the Roadside Farm (Fig. 1) No-till site also showed a high degree of spatial variabilelevated fluxes correspond with a peak in rainfall that ity (Fig. 3) . On each of the sampling dates some chamoccurred in July 1993 (Fig. 2) .
bers indicated a positive CH 4 flux, while others exhibited Since the chambers at these sites remained in place a negative CH 4 flux. Unlike the other sites of this study, we are able determine the temporal consistency of the where the chambers were placed in relatively close proxspatial variations observed for each sample season. At imity to one another (approximately 1 m apart), at the the Hilltop site, the four high positive fluxes observed No-till site the 21 chambers were placed along an east-(Ͼ60 g CH 4 m Ϫ2 h Ϫ1 ) over the sampling period were west transect at 10-m spacings. This transect traversed not from a single chamber, but rather from four different low and high areas of the field. Chambers at the east chambers, thus there was not a single hot spot at this end of the field (high area) tended to exhibit negative site responsible for the high positive fluxes. In contrast, fluxes, while those at the west end (low area) of the three of the four extreme negative fluxes (ϽϪ60 g field often exhibited positive fluxes (Fig. 4) . Thus, in some cases, the high CH 4 production or consumption activity was not localized; however, at the Hilltop site there appeared to be some spatial consistency associated with CH 4 uptake, while at the No-till site the low areas of the transect tended to be net producers of CH 4 . At the Kluver site several fertility management prac- shows mean soil water content along the transect. tices were evaluated (Fig. 5) . Chambers from the control tural land resulted in increased fluxes of CH 4 (Fig.  5C,D) . Large fluxes were detected immediately followplots (no N fertilizer) exhibited both positive and negative fluxes, with mean hourly rates ranging from Ϫ3.4
ing the 1993 LSM application in both the broadcast and injected LSM treatments; however, a greater number of to 9.6 g CH 4 m Ϫ2 h Ϫ1 in 1993 and Ϫ18.3 to 15.0 g CH 4 m Ϫ2 h Ϫ1 in 1994 (Fig. 5A) . Fewer positive CH 4 fluxes larger fluxes were noted in the injected LSM treatment. Mean CH 4 flux after LSM application in the injected were observed in the urea-ammonium-nitrate (UAN) fertilizer treatment (Fig. 5B ) and mean hourly fluxes treatment was significantly different (P Ͻ 0.001) than the mean CH 4 flux from the previous sampling before ranged from Ϫ23.2 to 5.7 g CH 4 m Ϫ2 h Ϫ1 in 1993 and Ϫ46.1 to 9.7 g CH 4 m Ϫ2 h Ϫ1 in 1994. It is also interesting the LSM application. Fluxes in the broadcast LSM treatment remained low throughout the 1993 season and to note that an apparent decrease in the mean hourly CH 4 flux was observed immediately following UAN apmean hourly fluxes ranged from Ϫ6.3 to 11.6 g CH 4 m Ϫ2 h Ϫ1 . However, in the injected treatment elevated plication.
Application of liquid swine manure (LSM) to agriculfluxes were also observed in August 1993. At the end of June 1994 a small increase in CH 4 flux was also obThe Doolittle Prairie site was both a consumer and a served in the LSM treatments.
producer of CH 4 , with mean hourly fluxes ranging from Additional investigations of the effects of LSM were Ϫ90.8 to 32.6 g CH 4 m Ϫ2 h Ϫ1 . performed in the fall of 1994 at the Nashua site, where CH 4 fluxes were determined before and after injected Landfill LSM application (Fig. 6) . The fluxes of four chambers Methane cycling at the Landfill site was extremely in each of three replicate plots before LSM application dynamic (Fig. 8) . Mean fluxes typically ranged from 0.14 were negative (Fig. 6A) . Within 24 h after LSM injection, fluxes were measured in the same plots at locations between and directly over injection slots. Fluxes between injection slots were significantly elevated (Fig.  6B) over the premanure application rates (P ϭ 0.004), but the highest fluxes were from chambers located directly over the LSM injection slots (Fig. 6C) . These inslot fluxes were significantly greater (P Ͻ 0.001) than the between-slot fluxes (Fig. 6C ).
Natural Ecosystems
Methane fluxes from the McFarland Forest site were generally negative, and only a few positive fluxes were observed (Fig. 7A) . Mean hourly fluxes ranged from from Ϫ74.2 to Ϫ2.00 g CH 4 m Ϫ2 h Ϫ1 in 1993 and ranged from Ϫ115.4 to Ϫ15.9 g CH 4 m Ϫ2 h Ϫ1 in 1994. In 1993, there appeared to be a trend of increasing means throughout the year. The high precipitation throughout the summer of 1993 may have been a factor in this increasing trend, although there was no significant correlation between soil water content and CH 4 flux. Mean CH 4 fluxes from the Roadside Prairie site also were negative (Fig. 7B) . The only sampling date in which a positive mean hourly flux was observed was in July 1993, where it is thought that the elevated rainfall during this the Doolittle Prairie site were more variable (Fig. 7C) . to 50 mg CH 4 m Ϫ2 h Ϫ1 in 1993 (Fig. 8A ) and from 0.71 Of the two sites receiving LSM, only the injected site showed higher CH 4 flux than the other nonmanured to 2700 mg CH 4 m Ϫ2 h Ϫ1 (Fig. 8B) (Fig. 8C) . Similarly,
The general pattern of cumulative CH 4 fluxes in 1994 in 1994 when the eight chambers were reinstalled in was similar to 1993 (Fig. 10) . The McFarland Forest different positions, two of the chambers were responsiand the Roadside Prairie sites were net consumers of ble for all of the extreme CH 4 fluxes recorded (Fig. 8D) .
atmospheric methane, while cumulative CH 4 flux from the Doolittle Prairie site was near 0. Liquid swine ma-
Site Comparisons
nure applications at the Kluver site in 1994 resulted in To facilitate comparisons between sites, cumulative a slightly greater CH 4 flux in comparison with the other CH 4 fluxes for each sampling season were calculated.
treatments at the Kluver site. However, unlike 1993, Box plots indicating mean and median cumulative fluxes when the injected LSM had a greater effect on CH 4 as well as associated 5th, 25th, 75th, and 95th quantiles flux, in 1994 surface-broadcast LSM had a greater mean are shown for 1993 in Fig. 9 . Cumulative CH 4 fluxes cumulative flux. Cumulative CH 4 flux from the Landfill from the plow-till, no-manure systems were generally site in 1994 was higher than in 1993. In 1993, the 25th low in 1993 (Ϫ0.025 to 0.079 g CH 4 m Ϫ2 258 d Ϫ1 ), and the and 75th quantiles spanned the range of Ϫ0.62 to 102 g 25th and 75th quantiles included 0 (Fig. 9) normal distributions exhibited by the CH 4 flux data, a the Doolittle Farm site from the other sites was a high nonparametric ranking procedure was used to characterize the sites with regard to their propensity to either clay content (37%; see Table 2 ). produce or consume atmospheric methane (Fig. 11) . A Doolittle Farm site being the strongest with 58% of the flux measurements showing net CH 4 production ( Forest sites. In 1994, all the sites except for the landfill were classified as either net CH 4 consumers or neutral of measurements performed. In 1993, the majority of the sites were ranked as positive flux systems, with the (consumption ϭ production). It is likely that differences rates in native and uncultivated grasslands versus cultivated grasslands. Prieme et al. (1997) observed a CH 4 flux rate decrease (consumption rate increase) when land use was changed from arable agricultural to woodland. A number of factors have been cited as contributing to decreased CH 4 consumption in agricultural ecosystems, including: (i) fertilizer nitrogen (Steudler et al., 1989; Mosier et al., 1991 Mosier et al., , 1996 Adamsen and King, 1993; Castro et al., 1995; Goulding et al., 1995; Goulding et al., 1996; Syamsul Arif et al., 1996) , (ii) tillage (Mosier et al., 1997; Kessavalou et al., 1998a) , (iii) soil compaction (Hansen et al., 1993) , and (iv) agrochemical applications (Topp, 1993; Syamsul Arif et al., 1996) . The negative effect of antibiotics on CH 4 oxidation may also play a role in decreasing CH 4 consumption rates in cases where fertilization is accomplished using animal manure (Schnell and King, 1995) . In our study, application of N per se did not appear to have an inhibitory effect on CH 4 consumption. We observed no differences between the mean seasonal flux rates of Kluver control and Kluver N-fertilized system in either 1993 or 1994. Delgado and Mosier (1996) , measuring CH 4 field flux rates in a barley (Hordeum vulgare L.) system, also found no effect of N fertilizer on CH 4 flux. Similar results were reported by Bronson and Mosier (1993) for systems cropped to wheat and corn.
Schimel and Gulledge (1998) discuss three levels of inhibition of CH 4 consumption as influenced by NH ϩ 4 . These levels were immediate inhibition, delayed inhibi- possibly other changes, will vary from system to system depending on the nature of the methane oxidizer population. It is possible that the differential effect of in rainfall between 1993 and 1994 could be responsible NH ϩ 4 fertility on CH 4 consumption in agricultural vs. for the shift from net production to net consumption forest systems may be due to differences in the populaobserved for many of the sites.
tions of nitrifying bacteria. Regular application of NH ϩ 4 to agricultural soils may result in increased popula-
DISCUSSION
tions of nitrifying bacteria that will coincidently metabolize CH 4 , and may also stimulate methanotrophic bacteNatural systems such as forests and grasslands typirial populations, as both methanotrophs and nitrifying cally function as net consumers of atmospheric CH 4 . bacteria can oxidize both CH 4 and NH ϩ 4 (Hanson and Reported CH 4 fluxes for forested systems range from Hanson, 1996) . The Kluver site has been in production Ϫ293.33 to Ϫ1.6 g CH 4 m Ϫ2 h Ϫ1 (Born et al., 1990 ; for several years before our experiment and it cannot Lessard et al., 1994; Castro et al., 1994a; Prieme and be discounted that the N cycling may have already been . The mean hourly fluxes we observed altered through cultivation, so that additional N fertilat the McFarland Forest site ranged from Ϫ115.4 to izer may not have had a further effect on the CH 4 flux.
, and are comparable with past Past work on the influence of tillage on CH 4 flux reports. Whereas the mean fluxes of our prairie systems indicates that no-tillage systems may be more active in were negative, on any given sampling date chambers consuming atmospheric CH 4 than are plowed systems exhibited both negative and positive CH 4 fluxes. Unlike (Kessavalou et al., 1998b; Hutsch, 1998) . Methane flux arid grassland systems, which typically exhibit net CH 4 from our No-till site was comparable with the plowconsumption (Mosier et al., 1997; till sites; however, since only a single no-till site was 1998b), our prairie systems appeared to be similar to investigated in this study, we cannot make any generalthe prairie studied by Tate and Striegl (1993) . These izations concerning tillage effects. Our observations do investigators reported a range of CH 4 flux values for a indicate, however, that substantial spatial variations Canadian tallgrass prairie that included both positive within a field may mask any tillage influences. and negative fluxes, although overall, the site was preWe are not aware of any past studies of the effects dominantly a net CH 4 consumer.
of liquid swine manure application on field CH 4 flux. Methane fluxes from our agricultural sites were genHowever, a recent study by Chadwick et al. (2000) reerally higher than those of the natural systems. Mosier at al. (1991) also observed higher daily consumption ports on the effects of manure application on CH 4 flux from pasture land. These investigators observed high salt effects may reduce the amount of dissolved CH 4 . Also, it is unlikely that all dissolved CH 4 out-gassed initial CH 4 flux from pastures treated with dairy and swine slurry, but cumulative CH 4 flux was only signifiduring the 60 min. Landfills are a major contributor to the atmospheric cantly elevated in lands treated with dairy slurry. Our data indicate that LSM may slightly enhance CH 4 flux, CH 4 pool. Jones and Nedwell (1993) reported rates in the range of 1 760 000 to and 9 360 000 g CH 4 m Ϫ2 h Ϫ1 but the effect is minimal relative to other agricultural practices. We did, however, note an immediate increase for two sites in a landfill in Essex, England. It is also recognized that large variations in CH 4 flux from landin CH 4 flux following injected LSM application at both the Kluver site and the Nashua site. In addition to the fills are common. Boeckx et al. (1996) reported CH 4 fluxes in the range of Ϫ246 to 38 100 g CH 4 m Ϫ2 h Ϫ1 for initial flush of CH 4 following LSM application, we also observed elevated CH 4 fluxes later in the season. These a Belgium landfill in Antwerp. Also, in a study spanning from 1988 to 1994 , Bogner et al. (1995 observed fluxes elevated CH 4 fluxes observed long after LSM application may have been the result of an interaction between ranging from Ϫ64 g CH 4 m Ϫ2 h Ϫ1 to 46 625 000 g CH 4 m Ϫ2 h Ϫ1 . Variations in measured CH 4 fluxes ranging rainfall and LSM resulting in a stimulation of CH 4 production activity due to the combined effects of added seven orders of magnitude are not unusual (Bogner et al., 1995) . Like past reports, the methane fluxes from C and increased soil water content to create anaerobic sites. It is thought that the large initial flush of CH 4 may our landfill site were extremely variable. Individual chamber fluxes ranged from Ϫ7140 to ϩ1.6 ϫ 10 7 g be due to out-gassing of dissolved CH 4 in the LSM rather than an immediate increase in in situ CH 4 production.
CH 4 m Ϫ2 h Ϫ1 , while mean hourly flux estimates ranged from 173 to 2.6 ϫ 10 6 g CH 4 m Ϫ2 h Ϫ1 . Integrated over A similar effect was observed in laboratory studies of soils (Chadwick and Pain, 1997) , where it was deterthe sampling seasons of 1993 and 1994, the hourly flux estimates from our landfill site yielded seasonal cumulamined that the primary source of CH 4 from soils treated with animal manure was from the manures themselves tive CH 4 fluxes of 54. To determine if it is even possible that out-gassing of estimate is similar to the magnitude of CH 4 fluxes reported (7920 and 14 500 g m Ϫ2 yr Ϫ1 ) reported by Jones CH 4 can account for the elevated CH 4 fluxes observed over the injection slots, we estimated the mass of CH 4 and Nedwell (1993) for two landfill sites in Essex, England. dissolved in the LSM slurry at the Nashua site. The LSM at the site was knife-injected at 76.5-cm row spacing at In order to put into perspective the interaction between land use and soil CH 4 flux, we calculated a a rate of 37 400 L manure ha
Ϫ1
; thus, the chambers, placed directly over the injection slots, covered the weighted average for the state based on our measurements and available land use statistics (Table 3 ). This equivalent of 0.43 L of manure. If we assume that the manure was saturated with CH 4 and use a CH 4 absorpexample is not intended to represent total CH 4 flux from the state, as the contributions of CH 4 from animals and tion coefficient of 0.033 L CH 4 L Ϫ1 H 2 O, then the maximum amount of manure-derived CH 4 would be 0.014 L animal confinement facilities are not included. In this evaluation the approach of Livingston and Hutchinson CH 4 per chamber. If all of this dissolved CH 4 were released during the 60-min cover period, the resulting (1995) was used, and the mean cumulative CH 4 fluxes of our sites were assigned to one of six land use strata. maximum flux rate would be 5.2 ϫ 10 5 g CH 4 m Ϫ2 h Ϫ1 . This maximum potential rate far exceeds our postLand use data was then applied to obtain estimates of the relative contributions of each strata to the statewide manure CH 4 fluxes of 4940 to 12 580 g CH 4 m Ϫ2 h Ϫ1 , indicating that the out-gassing may be a feasible mechasoil CH 4 flux. Forest and grassland systems together comprised less than 10% of the total land area in Iowa, nism. We realize that this is a maximum potential since the LSM may not have been saturated with CH 4 , and and these were the only systems that showed net con- sumption of atmospheric methane in both 1993 and producers, while the natural forest and grassland systems were net consumers of CH 4 . However, in 1994, a 1994. All the other strata were net contributors to the atmospheric CH 4 pool in 1993. Summing the contribuyear of more normal rainfall, only the agriculture lands with manure fertility exhibited positive net CH 4 flux. tions from all the strata represented resulted in a net positive flux estimate of 36 800 Mg CH 4 from the state.
The effect of swine manure application on CH 4 flux has not been previously investigated. Our results indicate The dominant component of this value was the plowtill no-manure strata, which had an estimated CH 4 flux that liquid swine manure results in transient increases in CH 4 flux, but that these events are short lived. It is of 33900 Mg CH 4 . It should be pointed out that this large input from the plow-till no-manure strata was the suspected that the high postapplication rates we observed may be due to out-gassing of dissolved CH 4 from result of a single large CH 4 flux event from the Doolittle Farm site (see Fig. 1 ). Without this single event, the the manure slurry. Finally, it appears that municipal landfills, despite the relatively small proportion of land CH 4 flux from the plow-till, nonmanured stratum is reduced to 0.13 g CH 4 m Ϫ2 for the season, and the resulting they represent, may have a large effect on total Iowa CH 4 emissions. areal contribution to the Iowa CH 4 budget becomes 6930 Mg. We suspect that precipitation in 1993 may have strongly influenced CH 4 fluxes at this site. Annual
